The application of fracture-induced anisotropy has evolved from the estimation of fracture orientation and intensity to the prediction of uid saturation and permeability anisotropy in fractured reservoirs. For this, we examine the sensitivity of fracture compliance to uids, and derive simple analytical expressions which link seismic anisotropic measurements to pore or fracture uids. We show that the normal to shear compliance ratio is directly related to uid saturation, and to the P -and S-wave reectivities and the e ective Thomsen 1986 anisotropic parameters, and thus can be estimated from seismic data. Existing laboratory and eld data are used to verify the results.
Summary
The application of fracture-induced anisotropy has evolved from the estimation of fracture orientation and intensity to the prediction of uid saturation and permeability anisotropy in fractured reservoirs. For this, we examine the sensitivity of fracture compliance to uids, and derive simple analytical expressions which link seismic anisotropic measurements to pore or fracture uids. We show that the normal to shear compliance ratio is directly related to uid saturation, and to the P -and S-wave reectivities and the e ective Thomsen 1986 anisotropic parameters, and thus can be estimated from seismic data. Existing laboratory and eld data are used to verify the results.
Modelling a fracture
In modelling the seismic response of natural fractures, it is essential to understand the microscopic details of fractures as uid ow is controlled by micro-structures of fracture or fault planes. The general understanding is that a fracture is a cluster of small cracks, and a fault is a cluster of fractures. Cracks often exist as clusters at di erent scales. Liu 1999 and Liu et al. 2000 suggested that published fracture models can be broadly classi ed into three groups: 1 a plane distribution of small cracks, 2 a plane distribution of contacts, and 3 a thin layer of a constant aperture with the appropriate material in ll. All three types of fractures can be mathematically represented as a planar boundary across which the stresses are continuous, whereas the displacements are discontinuous. The simplest model is the so-called slip interface model, as proposed by Schoenberg 1980 , Pyrak-Nolte et al. 1990 , and others, i.e. Links to P and S-wave re ectivities
Interestingly, using the re ection transmission coecients derived by Pyrak-Nolte et al. 1990 for a single fracture, it is easy to show that at low frequency the ratio of the re ection coe cients of P-and S-waves at normal incidence denoted by RP and RS, respectively is proportional to the fracture compliance ratio, RP =RS = ZN =ZT = ; 3 where and are P-and S-wave velocities of the unfractured rock. Equation 3 indicates that the P and S-wave re ectivities are directly link to the fracture compliance ratio, and may serve a s good indicators of uid saturation. where " and are the e ective Thomsen's anisotropic parameters de ned as " = c33 , c11=2c11 and = c44 ,c66=2c66 for fractured rock. cij are e ective elastic constants of the fractured rock given in Hudson and Liu 1999 . Since " and show respectively the degrees of P-and shear-wave anisotropy, equation 4 therefore provides a direct link between uid types and P-and S-wave anisotropy.
Analysis of experimental data
To v erify these relationships, we apply the ndings to four experimental datasets taken from the literatures. Firstly, we examine the sensitivity of the compliance ratio ZN=ZT to uid saturation. Figure 2 shows an example and the data are taken from Pyrak-Nolte et al. 1990 and Hsu and Shoenberg 1993. There is a clear separation between the ZN =ZT curves for dry and saturated samples Figure 2a , and for samples with di erent honey saturation Figure 2b . Secondly, we examine the sensitivity of the anisotropic parameters to uid saturation. We use elastic constants of reservoir rocks published by Thomsen 1986 and Vernik and Liu 1997 . We can see clearly that in the crossplotting of " and , the data are well-separated into two regions corresponding to the dry and saturated samples, in particular for the more recent data of Vernik and Liu 1997 , as shown in Figure 3b .
Conclusions
We show that the normal to shear compliance ratio is directly related to pore or fracture uids, and to the Pand S wave re ectivities and the Thomsen's anisotropic parameters, and thus can be estimated from seismic data. Various published eld and laboratory data have provided a strong support to this conclusion. 
